Abstract-A hybrid Spectral-Amplitude-Coding (SAC) -Optical Code Division Multiple Access (OCDMA) /Wavelength -Division-Multiple-Access (WDMA) using Random Diagonal (RD) code is proposed in this paper. The RD code is used in the proposed system due to its receiver's flexibility. The system is simulated using OptiSystem software. In our proposed system, four users of WDMA system with bit rate of 10Gbps is coupled with users of OCDMA system performing on bit rate of 1.25Gbps. Comparing to hybrid SAC-OCDMA /WDMA using KS code, the proposed system offers better performance in term of lower code length and lower bit error rate (BER) at the expense of higher number of filters. The result also shows that the BER of nine RD users are maintained at not more than 10 -9 up to 75 km.
INTRODUCTION
Optical Code Division Multiple Access (OCDMA) Systems play an important role in optical communication because of their advantages including supporting asynchronous access to the networks, dynamic bandwidth assignment and secured transmission. Spectral Amplitude Coding (SAC) is one of the several techniques developed for OCDMA systems which received great attention due to the reduction of the multiple access interference (MAI) effects, simplicity and lower cost of system components [1, 2] .
Several codes have been developed for the SAC-OCDMA networks, such as Modified Quadratic Convergence (MQC) [3] , Optical Orthogonal code (OOC) [4] , Khazani-Syed (KS) [5] and Random Diagonal (RD) [6] . In order to expand the transmission capacity, as well as increase the security, the OCDMA system can be coupled with the WDMA system [7] . Hybrid OCDMA/WDMA system utilize vast bandwidth of optical fibers and is used for providing multiple parallel channels at low data rates [8] .
To date, other researchers have proposed hybrid systems combining WDM and SAC/OCDMA scheme with different bit rates and code families [7, 9, 10] . In this paper, we integrate incoherent OCDMA and WDMA using Random Diagonal (RD) code due to its flexibility construction compared with other codes. Hybrid WDMA/OCDMA scheme can be applied for Fiber to the Home (FTTH) application which resolve the first-last mile bottleneck between the high capacity metro networks and the customer premises for small to medium sized businesses and residential users [11] .
The remaining of the paper is organized as follows. Section II is the review of the RD and KS code construction. In the section III, the proposed system is described in detail. Section IV represents the simulation setup. Section V is devoted to the results and discussion. Finally, the conclusion of the paper is drawn in section VI.
II. RD AND KS CODE CONSTRUCTION

A. RD Code Construction
RD code is a family of unipolar (0,1) sequences with length (N), weight (W), and in phase cross correlation (λ c ) which can be represented as (N,W, λ c ) [6] .This code is split to two segments, i.e. data and code. The advantage of dividing the RD code into two parts is easier hardware implementation specifically using spectral direct detection technique. The RD always has zero cross-correlation in data segment which reduce the phase induced intensity noise (PIIN), while variable cross-correlation in code segment.
B. KS Code Construction
The KS code is based on the arrangement of two subcodes in their code family, first one is A, (1 1 0) and the other B, (0 1 1) in such a way that the resulting crosscorrelation (λ) between each pair of users is one [5] . Four parameters are used to characterize the KS code needs to be defined, which are the weight of the code (W), number of mapping sequence (M), code length (N) and number of users (K). As the construction of KS codes is influenced by the arrangement of its two sub-codes, it is important to define the position of each sub-code for each user, whereas the remaining sub-codes are filled with [0 0 0].
III. SYSTEM DESCRIPTION
System architecture of the proposed hybrid CDMA/ WDMA system is shown in Fig.1 . The spectrum of a broad band source (BBS) is split among OCDMA system users. A series of Fiber Bragg Grating (FBG) filters is used to form the users' codes. The signals are then modulated by MachZehnder Modulator (MZM) and multiplexed with each other and also with signals of WDMA users. For the WDMA sub-system, signals of users are directly modulated by Non-Return-to-Zero (NRZ), where the continuous -wave (CW) laser source is used to generate different wavelengths for users. Table I shows the sequence of both RD and KS code for three users with same code weight (i.e.4), also it can be seen the used frequencies in the proposed system, further more Fig.2 illustrates both encoders (RD and KS) to generate the code sequence using FBG filters, noting that, the KS code due its property [5] ,it can decrease the number of used filters to half, (i.e. 2) instead of four, which is cost effective at transmitter side.
The combined signals of two systems are then transmitted through the optical medium which consists of ITU-T G.652 Standard Single Mode Fiber (SMF) and Dispersion Compensating Fiber (DCF) is used to mitigate the dispersion imposed by the SMF.
At the receiving side of the hybrid system, a splitter divides the spectrum to two parts, SAC-OCDMA and WDMA. The dedicated port for WDMA is connected to extra optical medium of 60km to support long distances.
Spectral Direct Detection (SDD) technique is used to decode the signals of OCDMA users. In SDD, only the nonoverlapping chips of different code signatures are detected which leads to minimize the number of filters used in receiver and also increase the performance compared with other techniques [6] . 
IV. SIMULATION PARAMETERS
The proposed setup is simulated using the OptiSystem software version 9.0. In OCDMA system, users' data are coded using RD code sequence (8, 4, 0) and the bitrate set to 1.25Gbps for all simulation. KS code with weight 4 and length of 9 is also used to compare with RD. Also, the input power per chip is set at -5dBm.
For WDMA, 4 users are operating with 10Gbps and laser power of 0dBm. The channel spacing for both systems is set to 0.8nm.In the simulation, the effect of fiber dispersion and non-linear effects are taken into account. The parameters used in the hybrid system are summarized in Table II. 
V. RESULTS AND DISCUSSION
The performance of SAC system with RD and KS code in the absence of WDMA system are analyzed for 3 users. Fig.3 shows the log of BER as a function of fiber length for best and worst users (with lowest and highest BER value respectively) of KS and RD systems. It is obvious from Fig.3 that the RD code has better BER at various length of optical fiber transmission. For example it can be seen that at 50 km distance the BER value of worst RD user is 2.2×10 -15 while for KS is 1.3×10 -13 . Nevertheless there is a large gap between the BER of best users of RD and KS which is 1.0×10 -40 and 1.0×10 -20 respectively. This difference is due to the structure of the codes. Next, the hybrid OCDMA/WDMA is investigated for three users with KS and RD. Fig.4 is the plot of the log of BER versus transmission distance for the system using RD and KS. As shown in the figure, it can be observed that the performance of the hybrid system utilizing RD signature is better than KS especially at shorter distances within 10-50 km. Meanwhile the WDMA users in both systems experience less difference. The BER of less than 10 -9 is obtained for WDMA up to 70 km, which indicates that maximum transmission length for WDMA system with input power of 0dBm is 130km in the proposed hybrid system.
For further investigation, the performance of different codes in OCDMA systems in hybrid scheme is analyzed by varying the transmitted power per chip. Fig. 5 illustrates the log of BER as a function of input power per chip for RD and KS users. It can be seen that there is a small difference in BER value with -10dBm which are for RD user, 1.3×10 -7.8 and for KS, 2.2×10 -5.8 . Considerably, the gap between the two code will increase with the increase of transmit power, as well as the performance of the both improves as expected. 6 shows the performance of different number of users, (three, six and nine) of OCDMA in hybrid system using RD code, where the input power per chip is equal to -5dBm in all cases. BER of the system is dramatically increases with the increase of number of users. It can be seen that the satisfactory BER (i.e. 10 -9 ) for system with nine users is obtained at 42km, while the corresponding distance for the system at the same performance with three users is 76km. The performance degradation is mainly due to the increasing of the MAI effect and system dispersion at the higher code length which causes a wavelength gap between the chips of one code [12] .
The performance of WDMA system also reduces with increasing of number of OCDMA users, although a constant number of WDMA users coexist in the hybrid system which raised by the four wave mixing effect on the system with higher number of frequencies [13] .
Finally, the hybrid WDMA system is compared with the conventional WDMA system. Fig. 7 presents the eye diagram of users for hybrid and normal WDM system at100 km. It must be noted that in hybrid system, this distance is divided to two parts, transmitter to splitter 40 km and splitter to WDMA receiver 60 km parts. With the same received power, the BER performance of hybrid system (BER=4.4×10-55) is worse than the conventional WDMA (BER=6.0×10-251) due to the effects of the splitter and fiber non-linearity. This property of the hybrid system can be considered as an advantage in increasing the system security, where data recognition becomes more difficult for eavesdropping. In this paper, the BER performance of the proposed hybrid SAC-OCDMA over WDMA scheme was analyzed utilizing RD code and compared with KS code for optical access networks. The performance of the hybrid system has been investigated against various lengths of the fiber and transmitted power per chip. It is found that the performance of the hybrid system using RD signature is better than the KS at the expense of higher number of filters. cost effective compared with KS code and also the conventionally developed codes. The proposed system provides a good solution for FTTH optical access networks as it gives high system capacity while maintaining high bitrate.
